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Hypertension (HTN) is the major cause of death in China. 1 According to one recent study, HTN affected about 30.6% of rural Chinese adults 2 and is a risk factor for cardiovascular disease. 3 Since rural Chinese comprise more than 10% of the world's population, such a lethal disease in this very large sector of humanity is of great public health interest.
A striking feature of the prevalence of HTN in China is geographic variation. In 1991, the prevalence of HTN was 16.3% in urban areas and 11.1% in rural areas; in 2002, prevalence in urban and rural areas were 19.3% and 18.6%, respectively, indicating that the gap had been largely narrowed. 4 It is of interest to determine how HTN is related to geographic location within the rural Chinese population. HTN appears to be related to urban migration in Chinese farmers. 5 Though urbanization is known to be related to increased prevalence of HTN, [6] [7] [8] there are no published studies regarding HTN prevalence and remoteness from smaller population centers (town and county capitals). There remains a question as to how remoteness from population centers independently affects HTN prevalence and severity. In this study, we explore the relationship between remoteness and blood pressure (BP) among residents of rural Yunnan province. We hypothesize that distance from population centers is inversely related to prevalence and severity of HTN in rural Yunnan villages.
Methods
Study sample design. The population studied consisted of middle aged rural men and women in Yunnan province. Within the villages, the study investigators randomly selected between 50 and 80 men and women between the ages of 50 and 70 years from a residential roster provided by the local health department. Of the 1,563 randomly chosen villagers, 205 were not living in the villages at the time of our survey, and 131 refused to participate. The remaining 1,227 (79%) gave informed written consent to participate in the study. Of these 1,227 there were 18 participants with past history of stroke or myocardial Background hypertension (hTN) is a major cause of death in chinese farmers. Remoteness from population centers may independently affect hTN prevalence and severity.
We used random cluster sampling to select 27 villages in Yunnan province, china. Within each village, we randomly selected 50-80 men and women between the ages of 50 and 70 years. a total of 1,177 participants underwent interviews and blood pressure (BP) measurement. We evaluated the relationship between BP and distance of the participants' village from the town and county centers with and without adjustment for covariates.
results
There was a significant (P < 0.001) inverse relationship between BP and distance from populations centers. For every 10 km from the town center, the mean systolic BP (SBP) in the village decreased by 1.2 mm hg and the mean diastolic by 0.5 mm hg. after adjustment for age, gender, ethnicity, body mass index, smoking, and drinking, we found that SBP decreased by 1.8 mm hg (P = 0.03) and diastolic BP by 1.0 mm hg (P = 0.02) for every 10 km distance from the town center.
conclusions hTN prevalence and severity are significantly linked to distance from population centers in rural chinese farmers. The farther a farmer's village is from larger population centers, the greater is the probability that his/her BP will be normal. This relationship is independent of age, gender, ethnicity, body mass index, smoking, and alcohol use. Strategies in addressing hTN in rural regions should take account of this geographic dependence on distance from population centers. History and BP measurements. Research staff administered a questionnaire, which included ethnicity (Han vs.. minority), history of smoking (presently smoking), alcohol use (at least one drink per day), medication use, and history of HTN. Research staff measured the BP three times (using Korotkof phase 1 and 5 pressures) in the left arm using an aneroid cuff and stethoscope while having the participant in a sitting position. The research team performed the first measurement after 5 min of rest and then performed two successive measurements with at least a 1-min time interval between measurements. Participants who had recently used tobacco, alcohol, or caffeine products were required to wait 30 min before the BP measurement. Research staff measured height to the nearest centimeter and weight to the nearest kilogram. HTN was defined as either a systolic pressure ≥140 mm Hg or a diastolic BP (DBP) ≥90 mm Hg. A physician treated subjects with systolic BP (SBP) of at least 140 mm Hg and/or DBP of at least 90 mm Hg with lifestyle modification and/or medical therapy.
Keywords
Village, town, county. The hierarchy of the Chinese governmental and political administration is province-prefecturecounty-town-village. Each level has a geographically located administrative center. Village populations vary between a few hundred to a few thousand; town center populations vary between about 2,000 and 15,000 and county centers from 10,000 to 80,000. An author estimated the distance between the participant's village and the town centers using Google maps (http://maps.google.com/) and other local maps. We divided the participants into three distance groups (0-5 km, 5.1-14 km, >14 km) according to the distance from the township center to the participant's village.
Statistical analysis. Descriptive summary statistics were calculated for sociodemographic (age, smoking, and drinking), clinical (height, weight, body mass index, SBP, DBP, etc.), minority vs. Han. BP measurements were compared across the three distance groups using analysis of variance, and when significant differences were noted, pairwise comparisons were conducted using the two-sample t-test, with a Bonferoni adjustment for multiple comparisons. The prevalence of HTN was compared across and between pairs of distance groups using χ 2 -tests. Mixed linear regression analyses, which adjusted for the correlation within cluster (town and county), were performed to evaluate the relationship between BP and distance from population centers with adjustment for age, gender, body mass index, ethnicity, smoking, and drinking. Mean SBPs in each village were calculated and these were plotted against the distance between the participant's village and the county center (defined as the sum of the distance between the participant's village and the town center plus the distance between the town center and the county center). The resulting scatter plots were analyzed using linear regression and the Lowess plot smoothing technique.
results
Of the 1,177 eligible particpants, there were 577 men and 600 women. The mean age was 57.8 ± 5.6 years. Table 1 provides demographic and clinical characteristics of the study sample. Current smoking and drinking were more prevalent among men than among women (64% vs. 17% and 35% vs. 10%; respectively; both P < 0.001).
relationships between mean village BP and distance between village and county Figures 1 and 2 show the relationships between the mean SBP and DBP in each of the 27 villages and the distance of the villages from their respective county centers. The best-fitting Lowess and linear relationships are plotted on these graphs; correlation coefficients, regression slopes, and intercepts are also shown. The graphs show the direct linear relationship between distance from county center and both mean SBP and mean DBP. For every 10 km from the county center, the mean SBP in the village decreases by 1.2 mm Hg and the mean DBP by 0.5 mm Hg. Lowess plots revealed no substantial departure from linearity, although the cut point for decreasing BP appears to be for distance >60 km.
BP in near and remote villages
The mean BP in villages close to the town center (0 to 5 km), at moderate distance from the town center (5.1 to 14 km) and remote villages (>14 km) were calculated and compared using analysis of variance ( Table 2) . Residents of villages close to the 
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Distance From Town and Blood Pressure town center and those at moderate distance had similar mean BP while residents of remote villages had mean SBP that were 5 mm lower and mean DBP that were about 2 mm lower than the other villages (P < 0.01). The prevalence of HTN in these three groups of villages was 35.8% (0 to 5 km), 29.8% (5.1 to 14 km) and 29.7% (>14 km) (P = 0.10). Figures 3 and 4 show the relationships between BP and age in villages close to the town center (0 to 5 km) and in remote villages (>14 km from the town center). BP steadily increases with age in villages that are close to and remote from the population centers. The increase is less pronounced for the remote villages.
BP adjusted for covariates and distance from town center. Table 3 shows the BP relationship with distance from town center and distance from town center to county center adjusted for age, gender, smoking, drinking, body mass index, and ethnicity. Distance from the town center and distance between the town center and county center were significant predictors of lower SBP and of lower DBP. For every 10 km distance from the town center, SBP decreased by an average of 1.78 mm Hg (P = 0.03) and DBP by an average of 1.0 mm Hg (P = 0.02). Our study thus revealed a statistically significant negative linear relationship between BP and distance from town and county centers. 
Distance From Town and Blood Pressure distance between their village and the local population centers for both SBP and DBP. The relationship was slightly stronger for systolic than for DBP.
Geographic variation in HTN prevalence has been described both in developed and developing nations. 9 The relationship between urbanization and HTN among Zulu adults was reported in 1962. 10 Another study found that age and urbanization were associated with HTN in several subgroups in the United States using data from the Third National Health and Nutritional Examination Survey (NHANES III) from 1988 to 1994. 11 A study in 2004 in a West African urban environment has also shown an effect of urbanization on HTN. 12 In the 1980s He et al. 4 reported normal BP among rural Yi minority villagers living in remote Sichuan province villages and much higher BPs in migrants of an urban Sichuan center. The findings of He et al. were remarkable because even elderly rural villagers had normal BP and there was no increase in BP with age. Their findings from 20 years prior are consistent with our findings in that BPs measured in our study are also lower in remote villages than in those villages closer to population centers. However, in our study, unlike that of He et al., even remotely located villages showed an increase in BP with age though this increase was less marked than in the villages closer to the population centers (Figures 3 and 4) . This difference between investigation results collected with a time interval of just 20 years undoubtedly reflects the increasing prevalence of HTN in all regions of rural China and the effect of urbanization on lifestyles that are conducive to the development of HTN.
There are several potential causes for decreased BP in remote villages compared to those that are closer to population centers. Activity levels may be higher in remote villages where motorized transportation is less frequent; moreover, distances to markets and rice terraces are larger. Dietary habits may also vary with more remote villagers consuming less salt 13 and more vegetable products. 14 Psychological stress levels may also be different. 15 Our study's results have significance not only for the state of health in present-day China, but also for the management of BP worldwide. More than half of the Chinese population resides in rural areas, and a 30% prevalence of HTN represents millions of hypertensive persons. With so many affected people, China is clearly a large part of the rising world HTN pandemic. Based on our findings of increased BP in villages that are closer to population centers and therefore more urbanized, we can expect this trend to continue as rural populations continue to transition to urban life. Public health personnel will need to heed results of studies such as ours in order to more judiciously direct their resources toward regions where BPs tend to be higher. Our findings also indicate that more research into the causative environmental correlates of HTN in rural areas is needed. The finding of ever-increasing prevalence and severity of HTN in rural China suggests that greater efforts are needed to stem the rising tide of HTN before it results in enormous increases in stroke, heart attack, kidney failure, and heart failure incidence. If treatment for this population is not provided and preventative measures are not taken, rates of chronic illness and death will rise to levels the Chinese health system is not prepared to handle.
There are several limitations in this study. We did not collect data on family history of HTN due to the fact that rural farmers in this age group rarely know if their parents had HTN. Due to the difficulty of sending blood samples from remote villages to a central laboratory and due to rural Chinese farmers reluctance to undergo phlebotomy, we did not collect plasma glucose or lipid specimens. We also do not have data on activity or detailed dietary information. Although villages and subjects were selected at random, some of the townships that were investigated were selected based on the availability of support and cooperation from local health departments and government officials. As a result, the ratio of ethnic minorities to Han Chinese was higher than reported in census data from Yunnan province. Because of the large numbers of younger persons who had migrated to cities to work and live, we only selected persons between the ages of 50 and 70 years of age. We measured BP three times during a single visit. Due to day to day variability of BP, single visit measurements may increase the likelihood of misclassification. A recent metaanalysis has revealed that "masked hypertension" (HTN not present at a clinical examination) has important prognostic significance. 16 In conclusion, this study found a significant inverse linear relationship between BP and distance from population centers in rural Yunnan. Public health strategies to control BP in both rural China and elsewhere should address these relationships. Despite some clear benefits of life in or near urban centers, 17 BP levels appear to rise as one gets closer to town. Research into the causes of the increase in HTN in rural China and elsewhere should consider differences related to urbanization and distance from population centers. original contributions
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